Abstract. Computer analysis was used for the detection of rhvthmic components and the estimation of period length in leaf movement records. The results of this study indicated that spectral analysis can be profitably used to determine rhythmic components in leaf movements.
Leaf movements have been extenisively used to study the phenomenon of circadian rhythms. It has been hypothesized that the leaf movemlients indicate the presence and also the phase of the circadian rhvthm in the plant. V'ariouis light treatments, temperature regimes and metabolic inhibitors have been given to plants to test for chaniges in this rhytllhlm (4, 5. 6) . In some cases the interpretation of data has been difficult because the leaf records generallv contain shlort period movements which may obscure chanlges in the circadian rhythm.
In an analysis of rhythmic miiovemients. the period of the movements is usually determined by the time interval between consecutive peaks or between consectutive dips in the recorded moovemnenits. However, as mentioned previously, it is difficult in some records to determine by visual measurement precisely whlen the peaks or dips occur. Without careful and extensive analysis of this type of data, it is possible to make erroneous conclusions. Because of this weakness a procedure is presented for the analysis of leaf movement data with the aid of a computer. Arbitrary evaluations of data are minimized by this technique and the extensive computations which are requ'ired for a thorough analysis of such data can be performed. It period of the circadian rhythlll anid also to determine other rhythmic components wvhicli may be present in leaf movement records.
Materials and Methods
Multiple Time Series Spectral Estimation programs, BMDX73 and BMDO2T, developed by the Health Sciences Comxputing Facility of U.C.L.A. were used (2) . A newer program, BMDX92, which computes power spectra several times faster than these programs was used in the most recent analysis. These programs estimate the auto-spectra. cross-spectra and coherences for stationary time series. It is recognized that leaf movement records do not constitute a true stationary time series since the record does not repeat as woould data from an oscillating physical-mcchanical object. Hovever, it is possible to estimate the length and the power of the periods in leaf movement records with these programs. The mathematical steps involved and the procedures used in spectral analysis will not be discussed here. Only information necessary to interpret the graphs and results will be presented. Readers are referred especially to Blackman and Tukey (1) and to Walter (10) for further informationi on spectral analysis.
A spectral estimate of data containiing only a 24.0 hr periodicity andc no other will be a sharp peak (Fig. 1) , whereas a spectral estimate of data contaiining periodicities ranging from 20 to 28 hr with a mean of 24 hr will be a broad peak extending from 20 (8) and Panofsky and Hallberg (9) .
Since the values of period and frequency are 3têl!--X I -reciprocals, the terms period and frequency will be used interchangeably. Due Fig. 1 ). The minimal period. i.e., the highest frequency that can be detected, is determined b1 the interval between readings (9) . In the presenit study. readings 0 - Analysis of all 8 power spectra (Fig. 2) indicated that on a group basis, the 27.3 hr period was significant beyond the P = 0.001 level, the 13.8 hr period was at the P = 0.10 level and the 9.1 hr period was not significant (8) . Thus only the 27.3 hr period was highly significant. Periodicities of 2 to 4 hr in length which generally appear to be present when the records are studied visually were not indicated as significant by the analysis used. Critical examination of leaf movement data revealed that movements with periods of 2 to 4 hr were not precise and the period length varied from one period to the next. It appears from our present analvtical techniques that these movements were probably random fluctuations. This however does not preclutde (6) report that they were able to entrain Phaseolus mulltiflorus to short light-dark cy)cles at lower temperatures and since the entrainment thev reported may have been due to a presence of a short period similar to the 13.8 hlr period detected in our experiments, it was decided to condtuct an experiment at lower temperatures such as they used and to study possible changes in the previously observed peaks. As in the first experiment, the data for all the leaves were combined and the mean curve deriived from the 16 spectral analysis curves (Fig. 3) . The peaks in the 27.3 and 13.8 hr region were highly significant with the 27.3 hlr peak muich stronger than the 13.8 hr peak. A third peak occurred at the 9.1 hr point and a fourth peak at the 8 hr point. How-ever, these peaks wvere found to be just at the P = 0.10 level.
To test for the presence of harmon!ics in the spectral analyses of leaf moveement data, an acceptance filter of 0.035 oph was used to decrease the peaks of the derived series to yield harmonics. The cross-spectral analysis of this derived series aand that of the original data Nvere calculated to determine if the suspect peaks were harmonics. The results obtained indicate that the peaks could not be wholly accounited for as harmonics and thus ind'icate the high probability of the presence of Inot only the 27.3 lhr rhythm but also the 13.8 hr rhythm. ExPeriment ,. The experimental conditions were identical to the previous experiments except that the temperature was set at 15°. The peak occurring at the 13.8 hr point in the 280 experiment was found to be at the P = 0.10 level, while in the 200 experiment, this peak was highlv significant. The finding of this change and the appearance of other shorter periods in the 200 experimen,t led us to test the effects of a still lower temperature on the leaf movements of Pinto beans.
As was done in the previous experiments, the data from the 8 leaves were combined. The results are shown in Fig. 4 . The 27.3 and 13.8 hr components were highly significant and were about equal in strength. A peak also appeared at the 9 hr point but was not significant. A fairlyr prominent peak occurred at the 5.9 hr point and was jus,t within the limits of significance. It can be noted, however, that the "noise" level depicted in this graph had risen in the region of shorter periods anid the sig- 
